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(54) Bonding head 

(57) A bonding head is provided for a wire bonding 
machine which comprises a wedge (2) connected to a 
transducer (3) for applying pressure and ultrasonic 
energy to a wire guided into contact with a surface to 
which a wire bond is to be formed. The transducer (3) is 
biased by a spring mounted at one end to a linear motor 
(8) for adjustment of the urging force of the spring (10). 



The actual force applied to the wire is measured by 
detecting means (6). Control means are provided which 
are connected to the linear motor for adjusting the urg- 
ing force of the spring, to thereby obtain a desired pres- 
sure to be applied to the wire. 




Fig. 1 



m 

CO 

m 

in 
oo 

o 
Q. 

LU 



Printed by Xerox (UK) Business Services 
2.16.3/34 



1 



EP0857 535A1 



2 



Description 

The present invention relates to a bonding head for 
a wire bonding machine used in the electronic industry 
in the preparation of a wide variety of electronic devices. 5 

Such wire bonding machines generally comprise 
means for supplying an aluminum or gold wire to a 
wedge. Commonly a capillary holds and guides the wire 
to a point on the substrate of the electronic component 
where a bond is required. The capillary is also con- 
nected to a transducer for supplying ultrasonic energy 
through the capillary to the wire to cause bonding. Con- 
ventionally, the transducer is pivotally mounted and 
biased toward the substrate, producing a prepro- 
grammed force applied to the wire by the capillary when 
in contact with the substrate. 

In such conventional devices, the preprogrammed 
bonding force may go out of calibration after a given 
time of operation of the bonding machine. The bonding 
operation must be interrupted and the desired bonding 
force readjusted. 

An object of the present invention is to provide a 
bonding head in which the above problems of pressure 
adjustment are avoided. In addition, it would be desira- 
ble to provide a bonding head which can be moved from 
point to point on the substrate for bonding with greater 
speed. 

According to the present invention, a bonding head 
for a wire bonding machine is provided as defined in 
Claim 1 . Means are provided for adjusting the pressure 
applied to the wire (bonding force) in a self-adjusting 
manner. Preferably, the transducer means are spring 
biased by means of a linearly displaceable element con- 
nected to a linear motor. By adjusting the urging force of 
the spring applied to the transducer, the bonding force 
applied to the wire can be set to a predetermined value. 
The adjustment means further comprise control means 
including an electric loop connected to drive the linear 
motor. When it is determined that the actual bonding 
force deviates from the desired bonding force, the linear 
motor is driven to expand or contract the spring, thereby 
re-establishing the proper biasing force on the trans- 
ducer. 

Further objects and advantages of the invention will 
become apparent in the following description of embod- 
iments in conjunction with the drawings, in which: 

Fig. 1 shows an elevation view of a bonding head 
according to an embodiment of the present 
invention; 

Fig. 2 shows a plan view of the bonding head of 
Fig.1. 

As is well known in the present art, a wide variety of 
bonding machines exists. The components of the 
machine may vary depending on the type of wire being 
bonded, for example gold or aluminum, and depending 



on the thickness of the wire. In addition, various types of 
arrangements are provided depending on the bonding 
procedure, i.e. ball bonding, wedge bonding, etc. The 
embodiment shown here relates to wedge bonding with 
a capillary, while the invention is not limited to this 
arrangement. 

Fig. 1 shows a bonding head comprising a capillary 
2 for guiding a wire 1 to a point on a substrate to be 
bonded. The wire 1 is supplied by supply means (not 
shown) to a wire clamp 11. The capillary 2 guides the 
wire to a substrate and is connected to a transducer 3 
for providing ultrasonic energy. 

The transducer 3 is pivotally mounted at the pivot 4 
and is fixed to a transducer holder 7, which rotates with 
the transducer 3. The transducer holder 7 is attached at 
its upper end to a spring 10. The spring 10 is fixed at 
one end to a mounting 9 fixed to the bonding head body. 
The other end of the spring 10 is fixed to a linearly dis- 
placeable element 12 as seen in Fig. 2. The element 12 
is linearly displaceable by a linear motor 8. The biasing 
force of the spring 10 urging the transducer holder 7 to 
the right as shown in Fig. 2 is therefore adjustable in its 
urging force. 

Returning to Fig. 1 , the end 5 of the transducer 3 
opposing the capillary end abuts against a detecting 
device 6, which also acts as a stop. In the non-bonding 
position as shown in Fig. 1 , the spring 10 biases the end 

5 against the detecting means 6. The detecting means 

6 preferably comprise a piezo element, which generates 
an electric signal depending on the magnitude of the 
force exerted by the end 5 of the transducer 3. A corre- 
sponding signal from the piezo element 6 is supplied to 
control means (not shown) in which the present force is 
determined. This force in turn corresponds to the bond- 
ing force or the bonding pressure applied by the capil- 
lary 2 to the wire 1 at the time of touchdown, i.e. when 
the bonding head is lowered and the wire is brought into 
contact with the substrate. 

The control means comprise an electric circuit 
adapted to determine the actual force detected by the 
piezo element. Moreover, the circuit is provided with 
comparison means for comparing the actual force with a 
desired force to be applied during bonding. If the actual 
force deviates from the desired force by more than a 
predetermined value, the control means are further 
adapted to drive the linear motor 8 and appropriately 
expand or contract the spring 10 to adjust its biasing 
force. For this purpose, the control circuit comprises a 
loop connected to the electrical drive of the linear motor. 

The ability to adjust the bonding force by means of 
the control loop and the linear adjustment of the biasing 
spring provides several advantages in the bonding proc- 
ess. Over a period of time, the predetermined or desired 
bonding or pressure can deteriorate, due for example to 
temperature changes, development of friction in various 
components of the bonding head, or even variations in 
the spring constant due to ageing or fatigue of the bias- 
ing spring. According to the invention, such deviations 
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from the desired bonding pressure can be automatically 
detected. When the deviation is too large, the control 
means automatically readjust the bonding pressure by 
the appropriate control adjustment of the linear motor 8. 
An interruption of the bonding process to recalibrate the 
bonding force is no longer required. 

Another advantage of the automatic adjustment 
means is that the amount of tension in the biasing 
spring can be adjusted at different time intervals within 
the bonding operation. For example, during the slow 
downward movement of the bonding head close to 
touch down, the precise bond pressure can be adjusted 
as described above. During the transfer interval after 
touch down and for the next touch down, the bonding 
head is normally moved much faster. In this transfer 
period, the tension of the spring can be increased, 
whereby undesired vibration of the transducer and cap- 
illary is avoided. 

In another embodiment of the present invention, the 
detecting means 6, preferably a piezo element, is 
mounted to be vertically displaceable on the bonding 
head. In this embodiment, the control means further 
comprise a control loop for vertical drive means of the 
piezo element. As the bonding head approaches the 
touch down region as shown in Fig. 1, the transducer is 
substantially horizontal with respect to the substrate. 
When reaching the touch down region, the piezo ele- 
ment 6 is driven downwardly, rotating the capillary end 
of the transducer upwardly, while not yet having con- 
tacted the substrate. The bonding head continues to 
approach the substrate, while the piezo element then is 
driven reversely in the upward direction. This causes 
the transducer to rotate out of its upwardly inclined posi- 
tion downwardly to the horizontal position and then to a 
position inclined downwardly to the substrate. In the 
downwardly inclined position, the contact of the capil- 
lary to the substrate is made. 

Thus in this embodiment, the control means are 
adapted to perform the touch down operation by means 
of controlling the vertical movement of the piezo ele- 
ment 6. The bonding force can be more accurately 
determined and the positional accuracy of the bonding 
point is increased. As can be seen in Fig. 1 , due to the 
rotation of the transducer 3 the linear displacement 
between the axis 13 of the transducer holder 7 and the 
capillary will vary depending on the amount of rotation 
of the transducer. When according to the present 
embodiment, the transducer is first inclined upwardly 
and then the touch down movement is supplied by the 
piezo element, the displacement caused by the rota- 
tional angle of the transducer is less. Thus, by perform- 
ing the touch down operation by movement of the piezo 
element, the accuracy in placing the capillary with 
respect to the axis 13 can be improved. 

It is also noted that the wire clamp 1 1 preferably 
comprises a piezo controlled damp. The clamping pres- 
sure on the bonding wire can be precisely set by this 
clamp so that the wire is not deformed. It is also possi- 



ble with the piezo controlled clamp to apply and adjust 
pressure exerted on the wire, using feedback, with a 
computer. 

The aforementioned measures ensure that even 

5 the thinnest bonding wires are not destroyed by the wire 
clamp 11. Fig. 1 shows the piezo element associated 
with the wire clamp 1 1 with the reference number 14. 

It is further noted that with the ball on the end of the 
bonding wire is associated a flame-off electrode which 

w before touch down is directed out, in particular swung 
out, of the area of collision with the bonding head or the 
capillary 3 respectively, by the vertical movement of the 
bonding head. 

According to Fig. 1, a strain gauge 15 is also 

15 mounted on the holder 7, with which the distortion of the 
holder 7 and thus the bonding pressure can be meas- 
ured to 0.1 gr and less during touch down. This meas- 
urement is used for adjustment and precision 
adjustment of the linear motor 8 for application and 

20 maintenance of a predetermined bonding pressure and 
weight respectively. 

Claims 

25 1 . A bonding head for a wire bonding machine, com- 
prising guide means (2) connected to transducer 
means (3) for applying pressure and ultrasonic 
energy to a wire guided into contact with a surface 
on which a bond is to be formed and adjustment 

30 means (6, 8, 10) for automatically adjusting said 
pressure. 

2. The bonding head of Claim 1 , wherein said adjust- 
ment means (6, 8. 10) comprise spring means (10) 

35 adjustably mounted to urge said transducer means 
(3) with said guide means (2) toward said surface 
with a variable force. 

3. The bonding head of Claim 2, wherein said spring 
40 means (10) are mounted at one end to a linearly 

displaceable element driven by a linear motor (8), 
linear displacement of the element causing exten- 
sion or contraction of the spring means (10). 

45 4. The bonding head of Claim 3, wherein the other 
end of the spring means (10) is attached to a trans- 
ducer holder (7), said holder (7) being pivotally 
mounted to the head and connected to said trans- 
ducer means (3), the transducer means (3) being 

so rotated by the variable urging force of the spring 
means (10). 

5. The bonding head of any one of the Claims 1 to 5, 
wherein the adjustment means (6, 8, 10) comprise 
55 detecting means (6), in particular a piezo detector, 
for determining the actual pressure applied to the 
wire and control means for automatically adjusting 
the force applied to said transducer means (3), to 
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thereby obtain a predetermined pressure to be 
applied in the wire. 

6. The bonding head of Claim 5, when depending on 
Claim 3 or 4, wherein the control means comprise 5 
an electric control loop connected to drive said lin- 
ear motor (8), the linear motor being driven to 
expand or contract the spring means (10), thereby 
adjusting its urging force on the transducer means 

(3) to obtain the predetermined pressure to be 10 
applied to the wire. 

7. The bonding head of Claim 5 or 6, wherein the 
transducer means (3) are pivoted about an axis (4), 
one end supporting the guide means (2) and the is 
other end (5) engaging said detecting means (6). 

8. The bonding head of any one of the Claims 5, 6 or 
7, further comprising drive means for vertically dis- 
placing the detecting means, the control means 20 
being adapted to operate said drive means at pre- 
determined time intervals during movement of the 
bonding head. 

9. The bonding head of any one of the preceding 25 
claims, wherein a wire clamp (1 1 ) is associated with 

a wire (1), which comprises a piezo controlled 
clamp so that the clamping pressure dependent on 
the strength of the bonding wire and the material of 
the bonding wire is adjustable, so that deformation 30 
of the bonding wire is avoided when the wire is 
clamped. 

10. The bonding head of any one of the preceding 
claims, wherein a strain gauge (1 5) or similar distor- 35 
Won sensor is mounted on the holder (7) by means 

of which during touch down the distortion of the 
holder (7) and thus the bonding pressure is ascer- 
tained, whereby the corresponding signals are 
used for setting and adjusting the adjustment 40 
means, in particular of the linear motor (8). 
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